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Over 6 million tons of fly ashes (FA) are generated ev-6 million tons of fly ashes (FA) are generated ev- million tons of fly ashes (FA) are generated ev-tons of fly ashes (FA) are generated ev- of fly ashes (FA) are generated ev-ly ashes (FA) are generated ev- ashes (FA) are generated ev-es (FA) are generated ev- (FA) are generated ev-(FA) are generated ev-) are generated ev-
ery year by coal burning thermal power plants (TPP) 
in Bulgaria. Their disposal in landfills poses serious 
economic and environmental problems and thus the 
elaboration of effective methods for recycling of FA 
has become of concern in the recent years. 

The conversion of FA into zeolites for water 
purification applications has proved to be a promising 
direction for FA utilization (Ríos et al., 2009; Mimura 
et al., 2001), but investigations on the zeolitization of 
Bulgarian FAs are scarce. 

In this study FA from “Maritza 3” TPP, Dimit-
rov grad, is used for the synthesis of low-Si zeolitized 
material with expected high cation exchange capacity.

The FA was added to NaOH or KOH solutions 
(12.5 m, 6.2 m, and 3.1 m) at solid/liquid ratio of 
0.1. The reaction mixtures were heated at 130 °C for 
8 hours at constant suspension volume. Then the ob-
tained products were filtered and washed with distilled 
water to neutral pH, dried and analyzed. 

The influence of some additional conditions, such 
as preliminary ageing, additional low-temperature 
heating for 8 hours at 70 °C, post-heating ageing, in-
tensive stirring and increased pressure have been also 
investigated.

The morphology and the elemental composition of 
single particles, as well as the average composition of 
the synthesized products were examined by scanning 
electron microscope (SEM), model JEOL JSM6390, 
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Резюме. Пепели от електрофилти от ТЕЦ „Марица 3“, Димитровград са подложени на зеолитизация чрез ал-„Марица 3“, Димитровград са подложени на зеолитизация чрез ал-Марица 3“, Димитровград са подложени на зеолитизация чрез ал-“, Димитровград са подложени на зеолитизация чрез ал-Димитровград са подложени на зеолитизация чрез ал-
кална хидрохимична активация при различни условия (температура, хидродинамичен режим на термичното 
третиране, вид и концентрация на алкалните реагенти, стареене на суспензияте и др.). С помощта на сканиращ 
електронен микроскоп с енергодисперсивен анализатор са изследвани морфологията и химичният състав на 
получените материали. 
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equipped with energy-dispersive X-ray (EDX) ana-
lyzer, Oxford Instruments.

It was established that the process of crystalliza-
tion of sodalite and zeolite Na-P (detected by X-ray 
Diffraction Spectroscopy) is carried out mainly during 
the high-temperature heating period. The preliminary 
ageing of the suspensions does not enhance the process, 
while the post-treatment ageing (for 25 days) leads to 
the production of higher yields (estimated on the base 
of positive mass changes). Intensive stirring (in open 
vessel, magnetic stir) and high-pressure treatment (in 
Teflon autoclave, without any stirring) prevent crys-
tallization of well-shaped zeolite crystals. The most 
promising results are obtained using 3.1 m NaOH 
and 6.2 m KOH, as at higher alkali concentrations 
gel-materials are formed instead of well-crystallized 
structures. The applied 3-cycle heating-ageing regime 
has resulted in considerable widening and thickening 
of the sodalite lamellas forming the smaller spheres 
crystallized on the surface of the initial particles. 

SEM photographs of typical fly ash and zeolite par-
ticles, obtained under different conditions, are shown 
in Fig. 1.

On the base of the obtained results it could be 
summarized that FA from “Maritza 3” TPP appears 
to be a perspective raw material for zeolite synthesis. 
Experiments for process conditions tuning and de-
tailed study of the zeolite properties (specific surface, 
cation exchange capacity, etc.) are in progress.
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Fig. 1. SEM micrographs of typical particles of the initial and zeolitized fly ash (FAZ)
a, sample 0: Initial FA; b, sample 4: 12.5 m NaOH, PA, LTH, 0.5 days PHA, 11.1% MC; c, sample 7: 6.2 m NaOH, PA, LTH, 0.5 days PHA, 23.0% 
MC; d, sample 8: 3.1 m NaOH, PA, LTH, 0.5 days PHA, 7.1% MC; e, sample 14: 3.1 m NaOH, LTH, 0.5 days PHA, 9.9% MC; f, sample 15: 3.1 
m NaOH, 7.7% MC; g, sample 10: 3.1 m NaOH, LTH, 0.5 days PHA, P, 11.4% MC; h, sample 16: 3.1 m NaOH, IS, 7.0% MC; i, sample 8: 3.1 m 
NaOH, PA, LTH, 7.1% MC; j, sample 14: 3.1 m NaOH, LTH, 0.5 days PHA, 9.9% MC; k, sample 9: 3.1 m NaOH, PA, LTH, 25 days PHA,13.9% 
MC; l, sample 21: 3.1 m NaOH, PA, 3 HAC, 71.6% MC; m, sample 0: Initial FA; n, sample 11: 12.5 m KOH, PA, LTH; 0.5 days PHA, 6.2% MC; 
o, sample 12: 6.2 m KOH, PA, LTH, 0.5 days PHA, 9.7% MC; p, sample 13: 3.1 m KOH, PA, LTH; 0.5 days PHA, 0.7% MC

Legend: PA, preliminary ageing, 2 days; LTH, additional low-temperature heating at 70 °C; PHA, post-heating ageing; IS, intensive stirring; P, high 
pressure, without any stirring; HAC, heating (8 h) – ageing (0.5 days) cycles; MC, mass change




